Fifteen patients with major depression, dysthymia, or anxiety disorder with depressed mood (DSM-IV diagnoses
Serotonergic abnormalities have been reported in various psychiatric disorders such as depression, anxiety, sleep disorders and schizophrenia. Neurotransmission abnormalities may differ according to the specific receptor subtypes involved and are expressed through biological markers such as elevated levels or exaggerated responses of pituitary hormones to selective receptor agonists . It has been hypothesized that depressed mood is accompanied by: (1) downregulation of postsynaptic 5-HT 1A receptors; (2) upregulation of 5-HT 2A/2C receptors Van Praag 1996) .
The sensitivity of serotonergic receptors in the brain is considered to be one of the measures of the integrity of the 5-HT system. Neuroendocrine tests are based on the assumption that the 5-HT system exhibits an excitatory influence on the release of cortisol, ACTH, and prolactin (Yatham and Steiner 1993) . Neuroendocrine responses to 5-HT agonists are an indication of postsynaptic receptor sensitivity, with relatively high hormonal responses being indicative of receptor hypersensitivity while relatively low hormonal responses suggest receptor hyposensitivity.
Meta-chlorophenylpiperazine (m-CPP), a full agonist of 5-HT receptors, was initially thought to be equipotent at all 5-HT receptor subtypes (Hamik and Peroutka 1989) , but later studies describe a relatively high affinity of m-CPP for postsynaptic 5-HT 2C and 5-HT 3 receptors (Glennon et al. 1989; Hoyer 1988) . Earlier research using m-CPP challenges suggests that hypersensitivity of postsynaptic 5-HT 2C receptors is associated with high levels of anxiety (Kahn et al. 1988a (Kahn et al. ,b, 1991 . Several authors provided evidence for 5-HT 2A/2C upregulation in depression by means of neuroendocrine challenge with 5-HTP Meltzer et al. 1984) .
Ipsapirone, a partial agonist at 5-HT receptors, exhibits a relatively high affinity for both pre-and postsynaptic 5-HT 1A receptors and negligible affinity for the 5-HT 1D , 5-HT 2 and 5-HT 3 subtypes (Peroutka 1988) . Ipsapirone was originally developed as an antianxiety agent but also has anti-aggressive effects in rodents (De Vry 1995) . In humans, blunted responses of cortisol to ipsapirone (a partial 5-HT 1A receptor agonist) were found in patients with major depression (Lesch et al. 1990; Meltzer and Maes 1995) .
Although blunted hormonal responses to 5-HT 1A agonists in patients with affective disorders have been shown before, attempts to compare the specificity of hormonal responses to 5-HT 1A and 5-HT 2C challenges within the same group are surprisingly rare. Broocks et al. (Broocks et al. 1999 ) compared neuroendocrine challenge in marathon runners and controls and showed that a blunted cortisol response to m-CPP 0.4 mg/kg, but not to ipsapirone 0.3 mg/kg, differentiated the marathon runners from controls. Broocks et al. (2000) also reported a study of neuroendocrine challenge with m-CPP and ipsapirone in groups of patients with panic disorder and/ or agoraphobia and controls. They report tendencies toward an increased sensitivity of central 5-HT 2C receptors and a decreased responsiveness of 5-HT 1A receptors in patients (Broocks et al. 2000) . In order to further study the associations of altered 5-HT receptor sensitivities in depressed mood, we wanted to determine whether both the sensitivities of 5-HT 1A and 5-HT 2C receptors were altered in patients with depressed mood.
A functional approach to biological psychiatry predicts significant associations of biological markers with psychiatric symptoms, such as anxiety, aggression and depressed mood, rather than with psychiatric diagnoses (Van Praag et al. 1987) . For the study of biological dysregulations underlying depression this implies that the presence and homogeneity of symptoms in the population studied are more important than the homogeneity of diagnoses. Consequently, in this study patients were selected in whom depressed mood was a core symptom, i.e. they had either a diagnosis of major depression, dysthymia, or anxiety with concomitant depression of mood. Two different 5-HT agonists (m-CPP and ipsapirone) were administered to assess 5-HT 1A and 5-HT 2C receptor sensitivity in patients and control subjects. The purpose of this study was to explore the relationship between depressed mood and specific 5-HT receptor function as measured by: (1) neuroendocrine responses; (2) mood responses; (3) cognitive responses to m-CPP and ipsapirone challenge. Elevated hormonal responses to m-CPP and blunted hormonal responses to ipsapirone were hypothesized to distinguish patients with depressed mood from controls.
METHODS

Subjects
Patients and healthy control subjects were recruited through the University Hospital outpatient clinic and through local newspaper advertisements, respectively. Inclusion criteria were: age between 18 and 65 years, patients suffered from major depression without psychotic features, from dysthymia, or from an anxiety disorder with depressed mood according to DSM IV criteria (APA 1994) . In the anxiety group the criterion for depressed mood was a score of at least two points on each of the first two items of the Montgomery Asberg Rating Scale {MADRS} (Davidson et al. 1986) . After the clinical diagnosis was assessed independently by two clinicians (one psychiatrist in training and a psychiatrist) a SCAN (Structured Clinical Assessment in Neuropsychiatry) (Wing et al. 1990 ) was performed to confirm the diagnosis. Control subjects were also subjected to a SCAN. All patients were free or washed out from psychotropic medication for at least one week (3 months in the case of fluoxetine). Five patients had been on antidepressant medication (four of them on fluoxetine) and had not responded to it satisfactorily. Normal controls were also not allowed to use any regular psychoactive medication. All subjects underwent physical examination and laboratory tests for the routine screening of hematological, biochemical and hormonal blood parameters and standard ECG. Exclusion criteria were: any major medical, endocrine or neurological disease, pregnancy or lactation, alcohol or drug abuse in the past six months, hypertension (diastolic Ͼ 100, systolic Ͼ 170). Controls were paid for their participation, patients were only paid if they were not treated at our clinic; travel costs were being paid. The protocol was approved by the medical ethics committee of the University Hospital Maastricht. All subjects had signed voluntary informed consent.
Experimental Design and Treatments
The study was conducted according to a mixed between/within-subjects 2 ϫ 3 design. The between subjects factor (Group) consisted of two levels (patients vs. control subjects). The within subjects factor (Drug) consisted of three levels (m-CPP 0.5 mg/kg, ipsapirone 10 mg and placebo) according to a double-blind, placebocontrolled, order-balanced, cross-over design. The three substances were administered as powders, dissolved in a glass of water. The powders were of identical appearance and taste. The test days were spaced minimally four days apart. Mcpp was obtained from Aldrich Chemical Company and ipsapirone was provided by Bayer. Plasma m-CPP determination was performed using highperformance liquid chromatography (HPLC) (Stolk et al. 1997) . Plasma ipsapirone determination was undertaken by Tropon, Cologne, Germany using a specific HPLC method.
Hormonal Assessments
Every 30 min from t 0 to t 210 (x in t x denotes minutes after drug administration), blood was taken for the determination of plasma levels of ACTH, cortisol and prolactin.
ACTH has been assayed using a sandwich-type IRMA-method in which the ACTH-molecule is caught in between a first (polyclonal) antibody fixed on a bead and directed versus the C-terminal region and a second monoclonal 125J.-labeled antibody directed versus the N-terminal region of the ACTH-molecule (Nichols Institute Diagnostics,San Juan Capistrano, CA, US). Calibration is based on known amounts of synthetic human ACTH 1-39. The sensitivity of the assay is better than 5 g/l. Intra-and interassay coefficients of variation are better than 3% and 6%, respectively. There is an insignificant negative cross-reactivity of the ACTH split products ACTH 1-24 and ACTH 18-39 of 0.7% and 0.2%, respectively. This is without any clinical importance.
Cortisol (compound-F) has been analyzed using a solid-phase, chemiluminescent enzyme immunoassay designed to be measured on the Immulite Automated Analyzer (Diagnostic Products Corporation, Los Angeles, USA). Calibration is performed using the standard of the manufacturer. The sensitivity of the assay is about 6 nmol/l. Intra and interassay coefficients of variation are less than 10%. Prednisolone and prednisone show cross-reactivities of .49 and 5.9%, respectively, while the cross reactivity of all other possible interfering substances is less than 0.9%.
The prolactin assay is a solid-phase two site fluoroimmunometric assay designed to be measured on the Autodelfia automatic immunoassay analyser (Perkin Elmer, Wallac, Turku, Finland). The detection with Eu is based on the delayed-enhanced-fluorometric immunoassays (DELFIA) technique. The standards have been calibrated against the 84/500 WHO 3rd International Standard for prolactin. The sensitivity of the assay is better than 0.01 (U/l). Intra and interassay coefficients of variation are better than 1% and 3%, respectively. There is a minor cross reactivity of about 4% with hGH and of about 1% with hPL. Other substances like LH, hCG, FSH and TSH don't show any cross reactivity at all.
Mood Assessments
Every 30 min from t 0 to t 210 , subjects were administered the Profile of Mood States Scale (POMS) (McNair et al. 1971) . The POMS consists of five separate mood scales (depression, tension, vigor, anger, and fatigue), ranging from 0 to 24, each based on six items ranging from 0 to 4. Thus, each of these five mood dimensions yielded a score. Furthermore, an overall POMS score, reflecting 'mood level', was constructed by summing the scores for the five subscales, after changing the polarity of the vigor subscale (y ϭ 24 Ϫ x).
Cognitive Assessments
The cognitive test battery took approximately 30 min to complete and consisted of tasks measuring visual verbal learning, visual search and motor choice reaction time.
Word Learning Test
One of twelve parallel lists of 15 monosyllabic meaningful nouns, matched for word frequency, was presented at a rate of 2 s per word. The subjects were asked to recall verbally as many words as possible as soon as the presentation stopped. This first immediate recall trial was followed by four more trials in which the same words were repeated in the same order. When the fifth trial was completed, the subjects performed the subsequent tasks. After 20 min they were asked to recall as many of the previously learned words as possible without prompting (delayed recall). The number of correctly recalled words was noted after each trial. The trial yielding the maximum number of recalled words was taken as the dependent variable (immediate recall). The delayed recall score was the number of words correctly recalled after 20 min.
Visual Search Signal-Detection Task
Dots were presented on a computer screen in a random fashion. Every second, two dots changed position. When four dots formed a square, the subject had to push a button as quickly as possible (but within 2 s). Efficient and rapid visual search is required to obtain a high signal detection on this task. The reaction time (RT) and the perceptual sensitivity measure (the number of hits corrected for response tendency) were taken as the dependent variable.
Choice Reaction Time Task
The subject held one button and was asked to press one of five other buttons located equidistantly from the hold button when lit. This yielded reaction times (RT) consisting of an initiation phase (time from stimulus onset until release of the hold button) and a movement phase (time from release of the hold button until the response button is pushed). The subjects responded either to a single button (simple RT), to one of three buttons which lit up (3-choice RT), or to the right of the lit button (incompatible 3-choice RT) as quickly as possible. This task measures sensorimotor speed, choice-reaction speed, and choice-reaction speed with response competition.
Procedure
Subjects attended the clinic after an overnight fast. At t Ϫ 60 an indwelling venous catheter was placed in a forearm vein from which blood was drawn with 30-min intervals until t 210 . Drug administration occurred at 10:00 A . M . (t 0 ). Blood samples were placed on ice immediately and were centrifuged at t 75 and t 225 , and were frozen at Ϫ 80 Њ C until analysis.
Profile of Mood States was assessed every 30 min at the same times blood was taken. In between, subjects sat on a bed and were allowed to read magazines. A research nurse was in the room during the entire test. She was instructed to talk only enough so that the subjects would feel at ease but to do administrative work in between the assessments. At t 210 , the subjects were subjected to computerized cognitive tests for half an hour. After the test, the subjects received a meal and went home.
Statistical Analysis
Hormonal responses were defined as the maximal increase following baseline (t 0 ) within seven consecutive assessments taken every 30 min from t 30 to t 210 (x in t x denotes minutes after drug administration). Mood responses were defined in a similar manner using the profile of mood states {POMS (McNair et al. 1971 ); 30-item dutch validated version} assessments of the depression, tenseness, fatigue, anger and vigor subscales.
Due to heterogeneity of variance, hormonal and drug data were transformed according to 10-base logarithmic transformation. Hormonal responses were subsequently calculated by taking the peak of the values administered at t 30 to t 210 subtracted with the value taken at t 0 .
The effects of m-CPP, ipsapirone and placebo on hormonal and behavioral responses were evaluated by analysis of variance (ANOVA) according to a mixed between/within subjects repeated measures design. The within subject factor was drug (placebo, m-CPP, ipsapirone) and the between subject factor was group (patients versus controls).
RESULTS
Fifteen patients and sixteen normal controls completed all experimental sessions. One male patient had dropped out because of severe side effects to m-CPP (Klaassen et al. 1998 ). The groups did not differ in terms of age, sex, body mass index (BMI) and level of education (see Table 1 ).
Hormonal Release
Both drugs elevated hormonal release (Figure 1 ) of cortisol (drug main effect: F ϭ 18.0, df ϭ 2,28, p ϭ .000; m-CPP: F ϭ 35.1, df ϭ 1,29, p ϭ .000; ipsapirone: F ϭ 14.1, df ϭ 1,29, p ϭ .001), ACTH (drug main effect: F ϭ 12.1, df ϭ 2,28, p ϭ .000; m-CPP: F ϭ 22.8, df ϭ 1,29, p ϭ .000; ipsapirone: F ϭ 13.8, df ϭ 1,29, p ϭ .001) and prolactin (drug main effect: F ϭ 17.5, df ϭ 2,28, p ϭ .000; m-CPP: F ϭ 36.1, df ϭ 1,29, p ϭ .000; ipsapirone: F ϭ 7.4, df ϭ 1,29, p ϭ .011). Patients and controls did not differ in levels of cortisol, ACTH and prolactin measured at t 0 , prior to drug administration. Cortisol responses to ipsapirone were diminished (blunted) in patients (group X ipsapirone interaction effect: F ϭ 4.7, df ϭ 1,29, p ϭ .038). ACTH responses to ipsapirone in patients and controls showed a similar but non-significant trend, whereas no differences were observed for ipsapirone-induced prolactin. None of the hormonal responses to m-CPP differed between patients and control subjects.
Mood
POMS ratings (see Figure 2) were significantly higher in patients relative to controls for the items depression (F ϭ 15.3, df ϭ 1,29, p ϭ .001), tenseness (F ϭ 16.0, df ϭ 1,29, p ϭ .000), fatigue (Fϭ 22.2, df ϭ 1,29, p ϭ .000) and anger (F ϭ 6.8, df ϭ 1,29, p ϭ .015) and significantly lower for vigor (F ϭ 53.9, df ϭ 1,29, p ϭ .000).
Mcpp increased feelings of depression (F ϭ 5.1, df ϭ 1,29, p ϭ .012), tenseness (F ϭ 8.7, df ϭ 1,29, p ϭ .006) and fatigue (F ϭ 7.0, df ϭ 1,29, p ϭ .013), but not of anger and vigor. Drug-induced worsening of mood was exclusively seen in the patient group after m-CPP on the items depres- sion (F ϭ 8.2, df ϭ 1,29, p ϭ .008) and tenseness (F ϭ 5.8, df ϭ 1,29, p ϭ .022) but not on fatigue, anger and vigor.
Ipsapirone had no significant effect on mood in patients, nor in normal controls.
Cognitive Performance
Analysis of placebo scores (effect of group) (Table 2) showed that depressed patients performed significantly worse than controls, particularly with respect to learning (immediate recall: F ϭ 7.3, df ϭ 1,29, p ϭ .012) and memory (delayed recognition sensitivity: F ϭ 8.1, df ϭ 1,29, p ϭ .008; delayed recognition RT: F ϭ 5.8, df ϭ 1,29, p ϭ .023) and speed of responding to compatible (F ϭ 4.8, df ϭ 1,29, p ϭ .038) and incompatible stimuli (F ϭ 5.6, df ϭ 1,29, p ϭ .025) in choice RT.
Word Learning
There was a significant multivariate interaction effect of Drug X Group (F ϭ 3.1, df ϭ 2,28, p ϭ .05) indicating different effects of the drugs on immediate recall in patients versus control subjects. Univariate comparisons showed an interaction effect of Ipsapirone X Group (F ϭ Figure 1 . Hormonal responses to 5-HT agonists as a function of time after drug administration broken down by patients with depressed mood (n ϭ 15) and healthy control subjects (n ϭ 16). The y-axes on the left and right are the same, to enhance comparability between drug effects. The graphs depict drug-placebo difference values of hormonal responses taken at 30-min intervals following drug administration at t 0 (baseline).
6.4, df ϭ 1,29, p ϭ .017) indicating that ipsapirone improved immediate recall in patients and impaired immediate recall in control subjects.
Visual Search
m-CPP impaired signal detection efficiency in controls and not in patients. The multivariate Drug X Group interaction effect was significant (F ϭ 7.3, df ϭ 2,28, p ϭ .003) and so was the univariate interaction effect for m-CPP X Group (F ϭ 14.1, df ϭ 1,29, p ϭ .001). The main effect of m-CPP was also significant (F ϭ 5.3, df ϭ 1,29, p ϭ .029), but inspection of the data showed that this was entirely due to the interaction effect. There were no effects on signal detection RT. There were no effects of ipsapirone on visual search.
Choice RT
Irrespective of group, m-CPP significantly impaired simple RT (F ϭ 4.7, df ϭ 1,29, p ϭ .040) , compatible choice RT (F ϭ Figure 2 . Mood responses to 5-HT agonists as a function of time after drug administration broken down by patients with affective disorders (n ϭ 15) vs. healthy control subjects (n ϭ 16) and drug treatment conditions. The graphs depict scores on the profile of mood states (POMS) subscales of depression (top left), tenseness (top right), fatigue (midle left), anger (middle right) and vigor (bottom left).
4.7, df ϭ 1,29, p ϭ .038) and incompatible choice RT (F ϭ 4.7, df ϭ 1,29, p ϭ .039). There were no effects on movement time. There were no effects of ipsapirone on choice RT.
Gender Differences
A rerun of all analyses with the inclusion of the factor Gender did not show any difference in cognitive performance between males and females in either of the patient and control groups. Furthermore, the drug effects hitherto reported did not seem to differ between male and female patients or controls.
Effects of Age, Education and BMI
Correlational analyses of age, education and BMI with hormonal and mood responses, defined as drug-placebo difference scores, showed that within the patient group m-CPP-induced elevations of depression (r ϭ .62, n ϭ 15, p ϭ .014), tenseness (r ϭ .28, n ϭ 15, p ϭ .023) and anger (r ϭ .53, df ϭ 15, p ϭ .042) were positively associated with level of education. There were no associations of drug-induced hormonal and mood responses with age and BMI.
Intercorrelations of Hormonal with Mood Responses
Correlational analyses of hormonal responses to m-CPP and ipsapirone, expressed as drug-placebo difference scores, with similarly expressed POMS-derived mood responses revealed that within the patient group there were positive associations of the m-CPP-induced prolactin response with the m-CPP-induced elevations of depression (r ϭ .57, n ϭ 15, p ϭ .028) and tenseness (r ϭ .52, n ϭ 15, p ϭ .047). There were no indications of a statistical association within the patient group between the ipsapirone-induced blunting of cortisol response and the m-CPP-induced worsening of mood.
Blood Levels of m-CPP and ipsapirone
m-CPP and ipsapirone blood levels did not differ significantly between patients and control subjects (see Figure  3 ). m-CPP had its mean peak level at t 120 , while the mean ipsapirone peak level was already obtained at t 30 .
Effects of Diagnostic Groups
Re-analysis of the data was performed, now incorporating the diagnostic groups into a between groups factor with four levels: major depression (n ϭ 9), dysthymia (n ϭ 3), anxiety ϩ depression (n ϭ 3), controls (n ϭ 16).
In brief, what descriptive statistics showed was that the blunted cortisol response to ipsapirone was not observed in anxiety disorder patients with depressed mood. No other findings emerged from this exercise. Between groups statistical tests of significance to substantiate this observation would go below the statistically acceptable level of at least four observations per cell. Therefore, a way to substantiate this finding was to redo the analyses with the three anxietyϩdepression patients excluded. The ipsapirone-induced blunted cortisol response in the remaining 12 patients vs. 16 controls appeared to be a more robust effect without the three anxietyϩdepression patients (group X ipsapirone interaction effect: F ϭ 5.5, df ϭ 1,26, p ϭ .027).
DISCUSSION
To the best of our knowledge, this is the first neuroendocrine challenge study in patients with depressed mood, in which two 5-HT receptor types were studied. Drug effects on hormonal secretion can be summarized as robust m-CPP-induced elevations of cortisol, prolactin and ACTH, whereas ipsapirone produced robust elevations of cortisol and ACTH and somewhat less of prolactin. Drug effects on mood can be summarized as m-CPP-induced elevation of depression and tenseness in patients and an overall m-CPP-induced increase of fatigue. A blunted cortisol response to ipsapirone was seen in patients with depressed mood compared with controls. An exaggerated mood response to m-CPP was seen in patients compared with controls. Another significant ipsapirone-induced difference between groups was the impairment of memory performance in controls and improvement in patients. These findings are in agreement with previous separate studies that showed a blunted cortisol response to ipsapirone in depressed patients (Lesch et al. 1990; Meltzer and Maes 1995) and hyperresponsivity to m-CPP in terms of subjective mood (Charney et al. 1987; Lawlor et al. 1989) . Our strategy, the so-called functional approach, was based on the inclusion of patients with depressed moods on the basis of symptoms rather than diagnostic categories. However, in anxiety patients with depressed moods, we did not observe the blunted cortisol response to ipsapirone that we saw in patients with depression and dysthymia. Stahl (1998) distinguishes five pathways in which serotonergic drugs generally manifest their actions. He describes serotonergic projections to the frontal cortex, the basal ganglia, hippocampus, hypothalamus and to the spinal cord (Stahl 1998) . The effects of m-CPP and ipsapirone most probably reflect different expressions of serotonergic modulation in hypothalamic (hormonal), amygdalo-frontal (mood) and hippocampal (memory) pathways, although it must be noted here that these associations are only well established in the case of endocrine effects mediated via serotonergic modulation of the hypothalamus.
Even though hormonal responses to m-CPP did not differ in our study, the observed pattern of subjective responses could be taken as an indication of hypersensitivity of fronto-cortical 5-HT 2 receptors (where these receptors are most abundant), in depressed patients relative to normal control subjects. This is in contrast to the blunted cortisol response to ipsapirone in patients with depressed mood, which can be taken as a sign of diminished hypothalamic postsynaptic 5-HT 1A receptor sensitivity. Similarly but more speculatively, the differential effects of ipsapirone on memory in patients and controls could reflect altered hippocampal 5-HT 1A receptor sensitivity in a manner such that the stimulation of these receptors is positively associated with memory performance, only if these receptors are desensitized, e.g. due to long-term repeated overstimulation with cortisol. The latter would also explain the decreased memory performance seen in patients with depressed mood (McAllister-Williams et al. 1998 ).
An alternative explanation might be that memory effects are due to agonistic and antagonistic actions of ipsapirone in patients and controls, respectively. This putative differential pharmacological effect might be explained by the partial agonistic property of ipsapirone.
A different explanation may be that low 5-HT has been shown to induce long-term depression (LTD), as opposed to long-term potentiation (LTP) of synaptic plasticity, especially in hippocampal area, possibly through modulation of calcium (2ϩ) channels, through which 5-HT has been shown to normally inhibit LTD (Normann 2000; Normann et al. 2000) . This mechanism may account for positive effects of 5-HT in patients and may also explain tryptophan-depletion induced memory consolidation impairment and mood lowering in normal subjects (Riedel et al. 1999) .
In contrast to a previous study in which no cognitive effects of m-CPP were reported (Silverstone et al. 1994) , we found impaired performance after m-CPP on all Re- action Time tasks. However, we assessed performance 3.5 h after administration whereas the previously mentioned study, performance was assessed 1-2 h after administration. If m-CPP would be considered having stimulant properties, these observations might fit the pattern of initial activation, or CNS disinhibition, followed by withdrawal or deactivation, leading to a slowing of RT (Gijsman et al. 1998 ).
We conclude that in patients with major depression and dysthymia, hypothalamic and possibly also hippocampal 5-HT 1A desensitisation and non-hypothalamic 5-HT 2C sensitisation, probably fronto-cortical, mediate depressed mood along with impaired memory performance.
